The present study aims to analyse the efficiency scores of 
The problems involving the health sector in Portugal are centred on access to care and on high expenditures and levels of inefficiency, particularly in public hospitals. 3 In terms of access, in 1993, five administrative regions were created-North, Centre, Lisbon and Tagus Valley, Alentejo, and Algarve. These Regional Health Administrations promoting sectoral policies, always focused on resources optimization (cost-benefit relationship), betting on incentives and penalties in contractual processes negotiated with health units. 4 After decentralization, financial resources began to be transferred from the Ministry of Health to the RHAs; the latter monitors the distribution of the funds as well as the efficiency of health care providers.
Currently, and under the tutelage of the five RHAs, there are 27 hospitals and hospital centres that provide generalized care and eight local health units that correspond to the vertical integration of two levels of health care.
All hospital units offer secondary care services and serve heterogeneous populations.
Given that hospitals dominate health care in Portugal, the objective of this article is to question the relationship between the resources applied in each RHA and the results of the assistance performed, thus assessing technical efficiency and allowing an interregional comparison. In addition, and once the results are known, specific regional measures should be proposed to create policies for local improvements.
Research and evaluation of hospital efficiency have been a concern for health researchers. There are several studies carried out in this field using data envelopment analysis (DEA), an internationally and broadly employed technique for the determination of efficiency scores. As examples of works carried out in Portugal, the following stand out: Lima and Whynes, 5 Simões and Marques, 6 Harfouche, 7, 8 Giraldes, 9 Rego, 10 Ferreira and Marques, 11 Nunes, 12 and Ferreira, Marques, and Nunes. 13 At the international level, the work of Byrnes and Valdmanis, 14 Bannick and Ozcan, 15 Solá and Prior, 16 Puig-Junuy, 17 Biarn, Hagen, Iversen, and Magnussen, 18 and Hollingsworth 19 are noteworthy. All these researches reinforce the need for the evaluation using techniques and methods that compare the efficiency results of the hospital units. However, none of them compared hospitals in each health region, thus establishing an assessment of regional asymmetries.
Considering the proposed objective, the present study also uses DEA to quantify and compare the use of resources and the outputs produced by each hospital and in each region, in the year 2017. As a methodological advance compared with other studies carried out in Portugal, the present study presents an interregional comparison perspective. resulting from a process acute or decompensation of chronic pathological process after hospital discharge. These units aim at the clinical stabilization and integral rehabilitation of the person. The same assistance is applied to cases of short-term recovery;
• long-term recovery (called long-term and maintenance units) are inpatient services for a period of more than 90 days, aiming to improve the quality of life of patients with severe autonomy and with very low recovery potential. To do so, patient activities are practiced reducing their limitations. The same assistance is applied to cases of short-term recovery but with a greater dedication on the part of all the professionals involved.
The palliative care was introduced in the Portuguese NHS in 2006. At first (2006 to 2015), this assistance was integrated into the National Integrated Care Network. 24 However, it became independent in 2016. The National Palliative Care Program aims to promote patients' access throughout the national territory, preferably in a place close to their home; to provide a wide range of palliative care, both in hospital and at home; to guarantee both quality of care and equity on access to palliative care; and to improve differentiated and advanced training in palliative care
(Portaria no. 340/2015, October 8, 2015).
| The creation of the RHAs and the decentralization process
The decentralization process in health had as main objectives the promotion of efficiency and effectiveness and the improvement of the response of services provided to the population, guaranteeing the right of universality as well as a better quality of life of the local population.
The decentralization process began in 1990 with the publication of the Basic Health Law (Law no. 48/90, of August 24), which stated that "health authorities are located at national, regional and municipal level." That is, health authorities should meet the needs of the citizens, and it is up to these health authorities • to monitor the sanitary level of the population groups, of the services, and of establishments and places of public use for the sake of the public health;
• to close services, establishments, and places referred to in the previous paragraph, when they jeopardize the public health;
• to initiate, according to the constitution and the law, the hospitalization or compulsory delivery of health care to individuals that harm public health;
• to carry out border health surveillance; and
• to request services in cases of serious epidemics and other similar situations.
This decentralization movement was implemented not only in Portugal but also in other European countries, influenced by the management model of the New Public Management. The objective was to improve service delivery, efficiently allocating resources to effective needs and involving the community in decision-making by reducing inequalities. RHA has acquired a financial responsibility, receiving a budget for the health assistance of its area of action.
| Reforming the hospital management and the search for both sustainability and efficiency
In the 1990s, there was a growing concern related to the high expenditures on hospital care that, according to Campos, 26 would jeopardize the sustainability of the public health system. Therefore, an urgent reform was compulsory. For this reason, a set of innovative management experiences began:
• in 1995, with the delivery of the management of the Hospital Fernando da Fonseca to a private group (Lisbon and Tagus Valley);
• in 1998, with a business management experience at the São Sebastião Hospital, in Santa Maria da Feira (North Region);
• in 1999, with the creation of the first local health unit in Matosinhos (North Region);
• in 2001, with the attribution of business management to the Hospital do Barlavento Algarvio (Algarve Region in the south of the country).
public business entities were created. At the same time, to exploit economies of scale and scope, a process of merging hospitals in the same geographic area was also carried out, constituting the so-called hospital centres.
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Some primary care units were also integrated with small hospitals to constitute the so-called local health units. 1, 4 Due to some budgetary difficulties, the adoption of a business management model could bring to the public sector some characteristics of private practice, namely, (1) greater autonomy of management, (b) new tools for decisionmaking, (c) better use of resources-focus on efficiency, (d) technologic innovation, and (e) transparency and accountability.
1,4
| MATERIALS AND METHODS
This section refers to the target population, the sample, the data sources, the technique used, and the selected variables.
| Sample
The research has as a target population the 27 hospitals and hospital centres in Portugal, taking as reference the five RHAs, according to territorial division. This division is justified because, since 1993, Portugal has opted for a process of decentralization, followed by a reform of hospital care with the objective of breaking down inequalities and improving efficiency.
| Data sources
The data were collected for the year 2017 from the benchmarking website of the Ministry of Health* that discloses indicators of resources, production, and results for each hospital unit.
| Data envelopment analysis
Roughly speaking, each hospital has its own production technology, consuming resources (inputs) to deliver some health care services (outputs) to the population. The economic theory suggests that homogeneous (similar) entities exhibit similar production technologies. Hence, these entities can be compared against each other. An intuitive way of comparing similar hospitals is by creating a common frontier, where the best practices (benchmarks) are placed. These entities dominate the others because they can deliver the same kind of services with a more efficient use of the available resources. Enhancing performance means, then, compare each hospital with the best practices in the field, ie, to find out the position of that hospital with respect to the efficient frontier. This frontier represents the production technology of the most efficient entities and which should be adopted by the inefficient hospitals. Efficiency is measured as the reciprocal of the distance separating the hospital from the frontier. Equally, one can define optimal targets for every input and output. These optima can result from the combination (either linear or not) of the observations associated with the benchmarks positioned in the frontier. Using targets, one can assess efficiency because this is the relationship between targets and observations. If, for a given hospital, targets and observations are equal for all inputs and outputs, then this hospital is clearly efficient and belongs to the efficient frontier.
There are several methodologies that estimate the efficiency frontier. On the one hand, there are parametric methodologies that assume a functional form for this boundary. This assumption is usually difficult to justify. On the other hand, there are nonparametric methodologies that estimate the boundary in a totally empirical way and, therefore, require fewer hypotheses. Among them, DEA has been the one that has deserved more attention. It estimates the boundary if it is sectionally linear and that it dominates a convex set of possibilities. Therefore, DEA determines the optimal targets for each variable as the linear combination of the efficient observations. 27 Mathematically, let us consider a set of m inputs, x ji , i = 1, …, m, and s outputs, y jr , r = 1, …, s, observed for n hospitals (j = 1, …, n). Each hospital j is characterized by the vector (x ji , y jr ). Let (x τi , y τr ) be the vector that defines the hospital whose efficiency one aims to assess, such that τ ∈ {1, …, n}. As stated, DEA determines that the targets result from the linear combination of the efficient values. Denoting these values with an asterisk (optimal value), we have x 
Model (1) is used for each hospital, ie, n times. Because efficiency is the relationship between optimal targets and observations, one can use the following metric to assess the efficiency score of hospital τ, θ τ :
which means that if at least one slack is nonzero, then the hospital τ is not efficient and θ τ < 1. If all slacks are zero, then θ τ = 1, and the hospital is efficient.
It should be noted that model (1) is nonradial and, therefore, is less conservative than the DEA basic models, commonly known as Banker, Charnes and Cooper (BCC) and Charnes, Cooper and Rhodes (CCR). This is because the latter assumes that one can change either inputs or outputs but never both in simultaneous. Moreover, BCC and CCR models assume that inputs or outputs must vary all radially according to an efficiency score. For example, if the score was 0.95 for a given hospital and the model was input-oriented, then all resources would have to be reduced by 5% (1 − 0.95 = 0.05) to achieve efficiency. This hypothesis can be difficult to perform in practice, so the adoption of a nonradial model seems preferable.
| Adopted variables
The analysis of efficiency in hospital care had three central dimensions: production costs, the number of human resources, and the results obtained in terms of care.
In the input side, we selected
• the overall costs of providing care (COSTS);
• the number of beds (LOT); and
• the number of full-time equivalent clinical human resources (HR), ie, doctors and nurses; e416 FERREIRA AND NUNES And as outputs are the following:
• number of patients with hospitalization episode (PSI);
• total number of medical appointments (PCE);
• number of patients who went through the emergency service (PSE); and
• number of surgeries (PO).
Outputs were adjusted (multiplied) by the so-called case-mix index to homogenize the number of patients. This is because each patient is unique and, therefore, entails different costs to the health system. One way of working around this problem is by using a classification scheme based on diagnosis related groups (DRGs), such that each patient is allocated to a specific group of diagnosis. Patients allocated to a specific group have a similar diagnosis and, hence, similar costs. The case-mix index results from the concept of DRG, making it useful to homogenize the hospital production (volume of delivered services).
These variables reflect the financing problem and the human resources issue that relates to the level of production performed in those regions. For the quantitative operation of the data, the MATLAB software was integrated with the CPLEX solver developed by IBM. The program that solves the linear programming model described above was developed by the authors of this article and can be provided when required.
| RESULTS AND DISCUSSION
From the efficiency score data (Table 2) , it is possible to visualize the efficiency score of the integrated hospital units in each of the regions. This information allows managers and public decision-makers to adjust measures that promote a better optimization of resources. From Table 2 , one verifies that there is some range of variation of the scores, from 0.65 to 1.00. It should be noted that a score equal to 1.00 identifies hospitals that are technically efficient in the use of their resources. To better analyse the results, a comparison was made between the various regions using the descriptive statistics presented in Table 3 . According to the results, the mean of the efficiency scores in the country (national efficiency) was 0.92, and the standard deviation was 0.12. These results show that overall, hospital units have good results. It is worth noting that of the 27 analysed units, 18 presented maximum efficiency scores, which means that there is a good capacity to manage resources and good results of care production. However, on average, hospitals could reduce 8% of their resources and keep the volume of delivered health care services.
In the regional panorama, the northern region deserves attention with the highest average of the groups and the lowest standard deviation varying the efficiency scores between 0.76 and 1.00. It is followed by the Central Region with an average of 0.93. In contrast, the Alentejo region presented the lowest efficiency score (0.76), but it has only one hospital. However, the highest standard deviation and therefore the greatest differential was found in the Lisbon and Tagus Valley regions, due to the worst score in the country (0.65). For the qualitative evaluation of the results, a categorization criterion was constructed according to the values of the mean and standard deviation (Table 4) , in line with Fonseca and Ferreira. -DEA is considered one of the best methods when the object of the work is the comparison of efficiency scores. For this reason, several studies applied this model to the health sector, namely, in the comparison of hospital units. In Portugal, six studies were carried out using this methodology to evaluate the results of the hospital reform process, and all of them present similar conclusions to the present study (improving efficiency after corporatization of hospitals). Among these studies, the following are noteworthy: Below "average − standard deviation" Below 0.8 Poor performance
Between "average − standard deviation" and "average + standard deviation" 0.8-1.0 Good performance
Above "average + standard deviation" 1.0 Excellent performance a • Harfouche, 7 who evaluated efficiency in the short-term (3 years after reform), concluding that there was an improvement in efficiency due to the corporatization of hospitals;
• Rego, 10 who also assessed short-term efficiency after the reform (2 years), concluding that there was a slight improvement in efficiency scores;
• Harfouche, 8 who concluded that there was an improvement in efficiency scores and pointed out that over time the number of efficient units; and
• Ferreira and Marques, 11 who evaluated the efficiency of entrepreneurial hospitals and concluded that efficiency in the medium-and long-term increased, albeit slightly, in relation to the previous period.
Two of the main problems in the public health sector are the high health costs and the risk of unsustainability based on high wastage, especially in the hospital subsector. 26 The influence of the management model based on the NPM implied in the public administration an adaptation to new roles and a relationship with the private management models. 30 Modernization and innovation are examples of NPM measures in the health sector and are focused on efficiency and effectiveness and on value creation. 10 The search for efficiency and results orientation has been based on the adoption of business management models for public services, with the objective of improving efficiency and productivity. 1, 4 This evolution is essentially driven by the efforts of all the professionals involved and can only be evaluated using econometric models that are applied in Section 3 of this paper.
The regional differences observed, although under the same process of entrepreneurship, derive from the greater autonomy given to managers and the different interpretations and decisions made by the respective RHA. Therefore, it is clear the need to clearly standardize, in terms of annual contracts with each of the health units, a set of common efficiency promotion criteria, the noncompliance of which may result in penalties. These differences in terms of efficiency may still be related to the different demographic and epidemiological characteristics of the population affected to each hospital, as reported by Ferreira, Nunes, and Marques. 27 In fact, each region has its own population characteristics, in particular (1) population size and density, (2) purchasing power and educational level, (3) mortality rate, including infant mortality related to low access to appropriate maternal and child health care, and (4) longevity indices and the weight of the at-risk population, to name a few. Just as these characteristics commonly dictate the internal migration of the population (for example, from the countryside to the coastline), so does the clinical staff (mainly doctors and nurses). As such, there will be an inequality in the allocation of resources between the different regions, which will promote differences in their use, in the creation of waste, and consequently in levels of inefficiency. In view of that and considering the need of standardizing a set of common efficiency promotion criteria in annual contracts made between each health unit and the State, it should be ensured that population characteristics are well defined and accounted for in these contracts, especially in the definition of prospective paid prices for medical acts to ensure/promote sustainability.
Therefore, the present study, which evaluated the efficiency 15 years after the reform, corroborates the others about the effects of hospital reform on efficiency improvement. When the hospitals are grouped in the respective regions, there is an unevenness of results with the Northern region standing out for the positive. Although several authors have pointed out that there are inequalities in inputs and outputs, 2 there are no efficiency studies that consider a comparative analysis of the various regions of the country and focus only on the national perspective. For this reason, the present work is innovative and will allow the development of future studies. However, to improve some inequality, the current government has developed an Integrated Access Management System (SIGA) that allows users from less-responsive regions to be transferred to hospitals in other regions of the country with better access. 31 The results of the present study show that hospital reform begun in 2002 and motivated by a lack of efficiency presented positive results in 2017, in line with Nunes and Ferreira. 32 More than 66% of the hospital units present an excellent performance in the optimization of resources. However, the waste and inefficiencies persist in 25% of hospitals studied, generating inequalities in the care of their patients when compared with others and limiting the capacity of response. The study points to the existence of regional inequalities that still require greater attention, especially in the Alentejo region (the only hospital had a score of 0.76) and in the Lisbon and Tagus Valley region that presents the country's worst hospital with score of 0.65.
Conducting research aimed at assessing efficiency can identify gaps (inefficiencies) that could be improved through the development of access management policies, such as SIGA, or through the development of other measures aimed at integrating hospitals and at enhancing their communication. It will also be the responsibility of the RHAs to promote the exchange of experiences between units to maximize the installed capacity in each hospital unit, avoiding some of the inefficiencies recorded.
